Original Article introduction Varicella-zoster virus (VZV) is a DNA virus belonging to family Herpesviridae, is responsible for causing varicella (chickenpox), a highly contagious disease. It is an infection mainly of childhood and the virus is transmitted in aerosols or by direct person-to-person contact of vesicular fluid. The virus after getting transmitted to susceptible individual by inhalation route replicates in the nasopharynx, spreading thereafter to cause the centripetal rash that is characteristic of chickenpox. [1] Clinically, primary varicella infection generally manifest as fever, malaise and vesicular rash that primarily involves the trunk and face.
introduction
Varicella-zoster virus (VZV) is a DNA virus belonging to family Herpesviridae, is responsible for causing varicella (chickenpox), a highly contagious disease. It is an infection mainly of childhood and the virus is transmitted in aerosols or by direct person-to-person contact of vesicular fluid. The virus after getting transmitted to susceptible individual by inhalation route replicates in the nasopharynx, spreading thereafter to cause the centripetal rash that is characteristic of chickenpox. [1] Clinically, primary varicella infection generally manifest as fever, malaise and vesicular rash that primarily involves the trunk and face. [2] The symptoms usually resolve within 7-10 days, but in rare cases, it can cause complications by involving other organs. [3] However, with the introduction of childhood varicella vaccination, rates of hospitalisation and mortality have decreased substantially. [4, 5] In temperate climate, 13-16 cases of varicella per 1000 people are reported with the highest incidence being in children. [2] However, in tropical climate like India, the incidence is higher in adults. The incubation period after exposure to the disease is 14-16 days with a high secondary attack rate of more than 85%. [6] The present study reports varicella outbreak in a child care institution (Snehalaya) in Chandigarh, a union territory in North India. This is a setup in Maloya for the young children who live or work on the streets as labourers or work as porters at railway stations or bus terminals to earn their livelihood. This setup aims to bring the above children to the mainstream of life and rehabilitate them. The outbreaks of chickenpox in institutions, schools and barracks can spread fast owing to a high secondary rate of up to 90%. [7, 8] The present study was carried out while investigating a suspected outbreak of varicella by using molecular methods (conventional polymerase chain reaction [PCR], real-time PCR and real-time loop-mediated isothermal amplification real-time LAMP) on vesicular samples. Furthermore, the utility of testing other noninvasive samples such as saliva and urine for varicella outbreak investigation was also assessed.
mAteriAls And metHods

Outbreak setting
An outbreak of fever with rash was reported by social paediatricians in Snehalaya, in June 2016, where children of both the gender reside in different blocks. This information was given by the social paediatrics department of the institute who routinely visit this centre and provide care to these children. In total, 15 clinically suspected cases were identified after active surveillance of the affected area.
Sample collection
The 15 cases and 29 age-matched healthy children residing in the same orphanage (healthy controls) were enrolled after obtaining written informed consent. The blood samples were collected. Serum was separated and used for serological testing. The vesicular swabs, urine and saliva were also collected from the cases showing the presence of active lesions. All the samples were collected within 5 days of onset of rash. The vesicular swab was collected by puncturing and aspirating the fluid from vesicle and vigorously rubbing the base of the lesion. These swabs were then put in 2 ml viral transport media and transported in the cold chain. Due to an outbreak situation, the ethical clearance could not be obtained at the time of sample collection. The ethical approval was then obtained retrospectively by the PGIMER, Chandigarh Institute Ethics Committee as per the National guidelines.
Serology
Serum was separated from the blood samples and stored at −20°C till tested. The VZV IgM antibodies were detected in both patients and controls by using commercially available enzyme-linked immunosorbent assay (ELISA) kit (Demeditec diagnostics, Germany) as per the manufacturer's instructions.
Polymerase chain reaction
The DNA was extracted from the various samples including vesicular swab, saliva and urine using the commercially available kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. The DNA was finally eluted in 40 μl of elution buffer. The conventional PCR of VZV was performed by amplifying open reading frame (ORF) 28 gene of VZV as described previously. [9] The PCR was performed in 20 μl reaction volume containing 5 μl of DNA. The reaction mixture consisted of 1X PCR Buffer, 3 mM MgCl 2 , 200 μM dNTP, 0.5 U of Taq polymerase and 1 μM of each primer (Genei, India). The thermocycler conditions were 94°C for 3 min, followed by 39 cycles at 94°C for 30 s, 55°C for 30 s and 72°C for 45 s and a final extension at 72°C for 3 min. The amplicons of 355 bp of VZV were visualised by gel electrophoresis using 2% agarose gel followed by ethidium bromide staining. All the precautions were taken during the run which included putting up of negative and positive controls in each run along with samples. Filtered tips were used while preparing master mix and reaction mixture was made in the laminar hood to prevent contamination. All the steps of DNA extraction, master mix preparation and amplification were carried out in physically separate areas to prevent cross-contamination. The limit of detection for conventional PCR assays was 8000 copies/μl. [10] 
Real-time polymerase chain reaction
The TaqMan real-time PCR was performed as described previously. [11] The TaqMan PCR reaction was performed in 20 μl volume reaction containing 4 μl of DNA, 500 nM of each primer (Forward = 5'CCATCCGATTATGCCACCTTTACAG3'; Reverse = 5'TCGAACGTTAGAGCGCACAA3) and 250 nM of NED-labelled probe (5'TTGGAGGAAAACGTCTTTTTT3') targeting ORF 28 region. Amplification and detection were performed using applied biosystems real-time PCR instrument (ABI 7500, USA). The conditions were 50°C for 2 min, 95°C for 10 s, followed by 40 cycles at 95°C for 15 s and 60°C for 1 min.
For the absolute quantification of VZV DNA, the plasmid-containing VZV ORF 28 gene (DNA polymerase) [12] fragment was extracted using RBC HiYield plasmid mini kit (Real Biotech Corporation, Taiwan) as per the manufacturer's instruction. It was then 10-fold serially diluted to quantify DNA from unknown samples as copies/μl to check the LOD. The lower LOD of quantitative PCR was found to be five copies/ μl with R 2 = 0.996 and slope = −3.186.
Real-time loop-mediated isothermal amplification
Real-time LAMP was performed using six primers for the LAMP assay as described previously by Kaneko et al, [13] including two outer primers (F3 and B3), a forward inner primer (FIP), a backward inner primer (BIP) and two loop primers (LPF and BPF). The real-time LAMP was performed using 12.5 μl reaction mixture, 1.6 μM concentration of each inner primer (FIP and BIP), 0.2 μM concentration of each outer primer (F3 and B3), 0.8 μM concentration of each loop primer (LPF and BPF) and 1 μl of DNA sample. The reaction mixture was incubated at 65°C for 45 min and then heated to 80°C for 2 min to terminate the reaction in a real-time LAMP (Genie II, OptiGene, United Kingdom).
Statistics
The Spearman's correlation coefficient was used to check the relationship between the viral load in the vesicular swab, urine and saliva samples. The value of P < 0.05 was considered statistically significant. The SPSS version 22.0 (IBM Corporation, New York, USA) was used for the statistical calculation.
results
Demographic characteristics
The outbreak affected male children in the age group of 8-13 years (mean age 9 years ± 4.1). In a total of 15 confirmed cases of varicella were reported.
Clinical features
The presence of rash (100%) was the most common clinical manifestation observed which was generalized in all the cases and the majority (73%) of children had 50-250 vesicular lesions. The lesions were predominantly present on the face, whereas a few children also had lesions on the abdomen, trunk and head. None of the cases was hospitalised, and none of them reported any complications. Acyclovir treatment was given to 10 (66.6%) children.
Varicella antibody detection
Of the 15 suspected cases, VZV IgM antibodies were detected only in 3 (20%) children. The VZV IgM antibodies were also detected in two asymptomatic controls.
Varicella polymerase chain reaction
The varicella DNA could be detected by conventional PCR in 100% vesicular swabs (14/14), 69.2% saliva samples (9/13) and 66.6% urine samples (10/15). The positivity by real-time PCR was 100% (14/14) in swab, 84% (11/13) in saliva and 80% (12/15) in urine. The mean viral load in the vesicular swab, saliva and urine samples was 1.8 × 10 5 copies/μl, 4.8 × 10 3 copies/ μl and 2.4 × 10 3 copies/μl, respectively. The detailed serological and molecular profile of these 15 patients is described in Table 1 .
Varicella-zoster virus real-time loop-mediated isothermal amplification
The Real-time LAMP showed 100% positivity (14/14) in the vesicular swab, 77.7% (7/9) in saliva and 100% (10/10) in urine. The mean viral load in the vesicular swab, saliva and urine samples was 1.6 × 10 6 copies/μl, 2.5 × 10 5 copies/μl and 4.1 × 10 4 copies/μl, respectively. The overall correlation coefficient between real-time PCR and real-time LAMP was found to be 0.67 (P < 0.0001) [ Figure 1 ].
discussion
Chickenpox outbreaks are common in India since the varicella vaccine is not included in the universal immunisation schedule for India. Furthermore, a low seroprevalence of varicella antibodies has been reported among Indian children. [9, [14] [15] [16] The outbreaks are common in day-care settings where children are in close contact with each other leading to increased transmission among peer groups. [17, 18] In the present study, an institutional outbreak from Chandigarh is reported, wherein the utility of noninvasive samples such as saliva and urine was studied for the diagnosis of varicella.
The various diagnostic modalities available for chickenpox can be categorised into direct and indirect laboratory methods. [19] [20] [21] The direct demonstration of inclusion bodies by Tzanck smear is a cheap alternative but has low sensitivity. [22] [23] [24] Detection of virus antigen by immunofluorescence is another alternative method, but it requires expertise and immunofluorescence microscope, which is costly. [25, 26] Among the direct methods, the 
ND* *The saliva and urine samples could not be tested by real-time LAMP PCR owing to insufficient sample volume. ND: Not done, VZV: Varicella-zoster virus, PCR: Polymerase chain reaction, NA: Not available, IgM: Immunoglobulin M, LAMP: Loop-mediated isothermal amplification, -: Negative, +: Positive virus isolation was considered as the gold standard, [27] but it is time consuming, tedious and has low sensitivity. [28] These days detection of VZV DNA in clinical samples by PCR has replaced virus isolation as a gold standard due to its high sensitivity and specificity. [29, 30] The conventional diagnosis of varicella rests on the detection of IgM antibodies by ELISA which take time to develop. [10, 31] In the present study, VZV DNA was detected by molecular methods for the early diagnosis of the outbreak.
In this study, VZV IgM antibodies were detected only in 20% (3/15) cases possibly due to the reason that duration of rash was <5 days in the majority of the cases and antibodies take time to develop. IgM positivity among the control group was found to be 6.9% (2/29) , and these were asymptomatic initially but on follow-up, they were found to develop the disease. Among control group, only blood samples were collected.
In the present study, a higher positivity (100%) was obtained in vesicular swab samples by all the three molecular techniques used. Previous studies have shown that PCR was able to confirm the clinical diagnosis in 87%-100% of cases in vesicular swabs by PCR. [32] [33] [34] The rash was generalised and the majority of the children had 50-250 vesicular lesions. Swabs were collected randomly from the most easily accessible vesicular lesion, and all were found to be positive for VZV DNA. The clinical utility of LAMP assay for the diagnosis of varicella in vesicular swabs has been evaluated by Kobayashi et al. [35] and authors found LAMP to be 100% sensitive. The highest mean viral load was found in vesicular swab followed by saliva and urine samples by real-time PCR as well as real-time LAMP. Viral load estimation is important in predicting the severity of illness and can be used to monitor the response to antiviral treatment. In the present study, 66.6% of the children received acyclovir treatment and responded well without any sequel. However, a limitation of the study was that follow-up samples were not collected after the resolution of clinical signs and symptoms to document the decrease in viral load. Kimura et al. [36] et al have shown the high occurrence of viraemic VZV DNA in varicella than in zoster and showed that acyclovir treatment resulted in marked suppression of viraemia in varicella. Although the vesicular samples had high sensitivity, the fear of needle during vesicular aspiration may preclude its use. Hence, the utility of non-invasive samples including saliva and urine for outbreak investigation was also ascertained, which may be useful when the vesicular lesions have healed, thereby dropping the sensitivity of PCR. [37, 38] The positivity of VZV DNA among saliva samples was found to be the highest by real-time PCR (84%) followed by real-time LAMP (77.7%) and conventional PCR (69.2%). Watanabe et al. [38] also reported a similar sensitivity of 87.1% for PCR using saliva samples for the diagnosis of varicella in children. Among the urine samples, the highest positivity of VZV DNA was detected by real-time LAMP (100%) followed by real-time PCR (80%) and conventional PCR (66.6%). Furthermore, serial viral load estimation in saliva/urine may be used as non-invasive method for seeing the response to therapy among complicated cases of VZV infection among adults and immunocompromised. The correlation between real-time PCR and real-time LAMP was found to be moderate in this study and their sensitivity was more than conventional PCR. The limitation of real-time assays is the high cost of the reagents and its limited availability in resource-poor settings. In the present study, since the viral load was quantified; hence, real-time LAMP was performed. However, the conventional LAMP PCR is cheaper, can be done in a water bath and hence useful in resource limited outbreak setting where it can be used as a point of care test [34, 39] and can provide results in 30-45 min only. LAMP has also been evaluated for the detection of other viruses such as herpes simplex virus, cytomegalovirus, Epstein-Barr virus, dengue, Zika and Ebola virus. [35, [40] [41] [42] [43] [44] [45] [46] [47] conclusion The molecular techniques may be useful in the prompt diagnosis of the outbreak and can prevent its spread by the timely isolation and treatment of cases. The saliva and urine samples can be used for outbreak investigation of varicella with reasonable sensitivity. The varicella vaccine should be considered for routine immunisation in India to prevent these outbreaks.
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